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0 An engine (1) and a first final drive (5) are 
disposed proximate a first set of road wheels, while 
the transmission (2) and a second final drive (3) are 
disposed proximate the second set of road wheels. 
A torque tube (71) which operatively interconnects 
the engine containing section with the section in 
which the transmission is disposed, houses a first 



propeller shaft (7) which transmits engine torque to 
the transmission, and a hollow second propeller 
shaft (9) which is disposed coaxially about the first 
one, and which transmits torque back from the trans- 
mission to the engine containing section for applica- 
tion to the first set of road wheels. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to an 
automotive four wheel drive train which includes a 
transfer gear via which engine drive output is dis- 
tributed to the forward and rear wheels and more 
specifically to a four wheel drive train which en- 
ables the engine, clutch and transfer gear to be 
disposed at one end of the vehicle and the trans- 
mission to be located at the other end, and thus 
improves the vehicular weight distribution. 

Description of the Prior Art 

It is. well known that in order to improve the 
overall handling characteristics of a vehicle it is 
advantageous to distribute the weight of the drive 
train evenly between the forward and rear axes. 

One attempt to achieve the above mentioned 
type of weight distribution in a high performance 
vehicle has been to dispose the engine at the front 
of the vehicle, dispose the clutch, transmission and 
final drive (which are arranged in that order) at the 
rear, and interconnect the engine and the clutch 
with a propeller shaft which is housed in a torque 
tube. 

While this has met with success in pure F-R 
type gear trains, adapting of this concept to 4WD 
type drive trains has encountered some difficulties 
in that it is necessary to add a transfer gear and to 
connect this with the front final drive. 

A 4WD arrangement of the above mentioned 
nature is disclosed in JP-A-62-247924. However, in 
this instance a number of drawbacks are encoun- 
tered. That is to say, the propeller shaft which 
interconnects the transfer gear at the rear of the 
vehicle with the front final drive becomes exces- 
sively long. Further, the propeller shaft is offset to 
one side of the vehicle center line and thus tends 
to broaden the tunnel which ends through the ve- 
hicle cabin to an undesirable degree. 

JP-A-61 -157437 discloses another prior art four 
wheel drive train which is also based on an F-R 
drive arrangement. In this arrangement the engine, 
transmission, transfer and front final drive are dis- 
posed at the front of the vehicle, while the rear final 
drive is disposed at the rear of the same. The 
engine torque is transferred directly to the front 
wheels and to the rear wheels via a transfer clutch. 

However, with this type of prior art four wheel 
drive train as the engine, transmission, transfer and 
front final drive are disposed at the front of the 
vehicle chassis and only the rear transfer is dis- 
posed at the rear, the distribution of the weight with 
respect to the front and rear axles of the vehicle is 
such that a disproportionate amount is located near 



the the front axle. As a result, the desired weight 
distribution is not achieved and the handling char- 
acteristics of the vehicle tends to b8 accordingly 
impaired. 

5 Thus, as will be appreciated, in the case it 

desired to adapt basic F-R or F-F type drive trains 
to provide 4WD it necessary to contrive a position 
for the transfer and the propeller shaft or shafts. 
For example, in the prior art when the transfer is 

io connected to the transmission output shaft with 
normal techniques wherein the transfer is disposed 
toward the rear of the chassis, the propeller shaft 
which extends from the transfer to the front final 
drive must be extremely elongated and at the 

75 same time positioned not to interfere with the en- 
gine. 

SUMMARY OF THE INVENTION 

20 In view of the above problems it is an object of 

the present invention to in accordance with the 
problem solving means set forth below, to provide 
a four wheel drive power train the layout of which 
does not require a highly elongated propeller shaft, 

25 appropriately distributes the weight between the 
front and rear wheels, and in which interference 
between the propeller shaft and the engine does 
not occur. 

In order to provide the above mentioned solu- 

30 tion the four wheel drive train of the invention 
includes an engine, a transmission, a rear final 
drive and a front final drive wherein said engine 

In brief, the above object is achieved by an 
arrangement wherein an engine and a first final 

35 drive are disposed proximate a first set of road 
wheels, while the transmission and a second final 
drive are disposed proximate the second set of 
road wheels. A torque tube which operatively inter- 
connects the engine containing section with the 

40 section in which the transmission is disposed, 
houses a first propeller shaft which transmits en- 
gine torque to the transmission, and a hollow sec- 
ond propeller shaft which is disposed coaxially 
about the first one, and which transmits torque 

45 back from the transmission to the engine contain- 
ing section for application to the first set of road 
wheels. 

More specifically, a first aspect of the present 
invention comes in the form of a four wheel vehicu- 

so lar drive train having an engine, a transmission, a 
rear final drive and a front final drive, and which is 
characterized in that the engine is disposed with 
one of the front and rear final drives and oper- 
atively connected therewith, and the transmission is 

55 disposed with and operatively connected with the 
other of the front and rear final drives; the engine is 
connected with the transmission by a first propeller 
shaft; the first propeller shaft and a second hollow 
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propeller shaft which disposed coaxially with the 
first propeller shaft, each have one end connected 
to the transmission; and wherein: an intermediate 
power transfer section is disposed proximate the 
engine and operatively connected to the other end 
of the second propeller shaft, while the other final 
drive and the intermediate power transfer section 
are connected by a third propeller shaft. 

A second aspect of the present invention 
comes in the form of a four wheel vehicular drive 
train which features: an engine having a crank 
shaft; a transmission having an input shaft and an 
output shaft; a first final drive disposed with and 
operatively connected with the output shaft of the 
transmission; a first propeller shaft having a first 
end in drive connection with an input shaft of the 
transmission and a second end which is operatively 
connected with a crankshaft of the engine through 
torque transmission means; a transfer gear having 
an input shaft and an output shaft; a second pro- 
peller shaft which establishes drive connection be- 
tween the output shaft of the transmission and an 
input shaft of the transfer gear; and a third propel- 
ler shaft which establishes a drive connection be- 
tween the output shaft of the transfer gear and a 
second final drive. 

A further aspect of the present invention comes 
in the form of a four wheel drive train which fea- 
tures: a first unit which is disposed in drive connec- 
tion with a first set of road wheels; an engine which 
is included in the first unit and which forms a part 
thereof; a second unit which is disposed in drive 
connection with a second set of road wheels; a 
transmission which is included in the second unit 
and which forms a part thereof; a first propeller 
shaft which transfers engine torque from the engine 
in the first unit to the transmission in the second 
unit, the second unit being arranged to transmit 
torque transmitted thereto through the first propel- 
ler shaft to the second set of road wheels; a 
second propeller shaft which transfers torque from 
the transmission in the second unit back to the first 
unit, the first unit being adapted to transmit the 
torque which is transferred through the second 
propeller shaft to the first set of driving wheels, the 
second propeller shaft being hollow and disposed 
about the first propeller shaft, the second propeller 
shaft being adapted to rotate in the same rotational 
direction as the first propeller shaft. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a schematic plan view showing the 
drive train layout which characterizes the 
present invention; 

Fig. 2 is a sectional plan view showing construc- 
tional details of a drive train of a first embodi- 
ment of the present invention which is config- 
ured in accordance with the layout shown in Fig. 



1; 

Fig. 3 is a sectional view taken along section 
line I - I of Fig. 2; and 

Fig. 4 is a sectional view showing a propeller 
s shaft arrangement according to a second em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

70 Figs. 1 and 2 show the drive train skeleton and 
sectional view an embodiment of a four wheel drive 
which includes a V-12 engine 1; a five forward 
speed, one reverse manual transmission 2; a rear 
final drive 3 which includes a differential gear; a 

75 transfer 4 which includes a variable torque split 
type clutch which is controlled by externally ap- 
plied hydraulic pressure and which proportions the 
amount drive power to the front wheels; and a front 
final drive 5 which includes a differential gear. 

20 The engine 1, transfer gear 4, and front final 

drive 5 are disposed at one end of the vehicle. In 
this case it is assumed that this end is the front of 
the vehicle. However, it will be appreciated that, the 
invention is not limited to forward engine type 

25 vehicles and an aft disposition is well within the 
scope of the present invention. 

On the other hand, the manual transmission 2 
and rear final drive 3 are disposed at the other end 
of the vehicle (viz., the rear of the vehicle). 

30 The above mentioned engine 1 and the input 

shaft of the transmission 2 are connected by way 
of a clutch 6 and a first propeller shaft 7. 

It should be noted that the clutch 6 is mounted 
on the rear end of the engine block and in direct 

35 connection with the crankshaft of the engine 1. 

The output shaft 22 of the transmission 2 and a 
clutch 41 of the transfer 4 are connected by way of 
a second output shaft construction which com- 
prises meshing output and input gears 81 & 82, 

40 and a second hollow propeller shaft 9. 

A driven element (clutch hub 43) of the transfer 
gear clutch 41 is connected with a first sprocket 44 
for synchronous rotation therewith. A chain 45 con- 
nects the first sprocket with a second sprocket 46 

45 which is mounted on the output shaft 47 of the 
transfer gear 7. The sprockets and chain form part 
of a intermediate gearing 40. 

Universal joints 10, 11 interconnect a third pro- 
peller shaft 12 with the output shaft 47 and a drive 

so pinion 51 of the forward final drive 5. 

A drive pinion 31 which forms part of the 
output section of the rear final drive 3, is formed 
integrally with one end of the transmission output 
shaft 22. Side gears 36, 37 and rear drive shafts 

55 13, 14 establish a drive connection with the rear 
wheels 19, 26. 

The transfer case 48 of the above mentioned 
transfer gear 4 and the transmission case 23 of the 
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manual transmission 2. are connected by a torque 
tube 71. This torque tube 71 houses the first pro- 
peller shaft 7 and the coaxiafly arranged hollow 
second propeller shaft 9. 

Further, as shown in Fig. 3 the above men- 
tioned output and input gears 81, 82 are arranged 
to comprise a gearing 8 which establishes a drive 
connection between the output shaft 22 of the 
transmission and the second propeller shaft 9 and 
which drive the second propeller shaft 9 in the 
same rotational direction as that in which the first 
propeller shaft 7 is driven by the engine. 

The first propeller shaft 7 is supported with the 
second propeller shaft 9 by way of ball bearings 7, 
and the latter is rotatably supported in the torque 
tube 71 by way of ball bearings 73. 

It should be noted that the rear final case 38 is 
connected to the transmission case 23 to form a 
single housing. In a similar manner a clutch cover 
61 is connected with the transfer case 48. A front 
final drive case 58 encloses the front final drive 
gear 5. 

OPERATION 

The engine drive power transmission which 
takes place with the clutch 6 fully engaged and 
with the manual transmission 2 set in a predeter- 
mined gear ratio position is such that power from 
the engine 1 goes from the engine crank shaft 1a 
-> clutch 6 -> first propeller shaft 7 -> transmis- 
sion input shaft 21 ~> transmission gears — > the 
transmission output shaft 22, and distributed from 
the transmission output shaft 22 to the drive train of 
rear wheels 15. 16 and the drive train of the front 
wheels 19, 20. 

The rear wheels 15, 16 are supplied with driv- 
ing torque from the transmission output shaft 22 to 
the rear final drive 3 (rear drive pinion 31 --> ring 
gear 32 --> diff case 33 --> pinion shaft 34 -> 
pinion 35 -> side gears 36, 37) -> rear drive 
shafts 13. 14. 

Drive power is transmitted to the front wheels 
19, 20 by way of the transmission output shaft 22 
-> output gear 81 -> input gear 82 -> second 
propeller shaft 9 --> transfer 4 (clutch drum 41 
clutch — > plate 42 --> clutch hub 43) — > central 
transfer hub 43) -> first sprocket 44 of the ~> 
chain 45 --> second sprocket 46 -> output shaft 
47) -> universal joint 10 -> third propeller shaft 12 
-> universal joint 11 --> front final drive 5 (front 
drive pinion 51 -> ring gear 52 -> diff case 53 -> 
pinion shaft 54 -> pinion 55 -> side gears 56. 57) 
-> front drive shafts 17. 18. 

The clutch engagement in the transfer gear 4 
is controlled by an externally applied hydraulic 
pressure the level of which is controlled in accor- 
dance with the front'rear wheel rotational speed 



difference, the vehicle speed, accelerator depres- 
sion degree, the lateral acceleration, etc. 

It should be noted that when the transfer gear 
4 assumes a fully engaged clutch condition, the 

5 front/rear wheel drive force distribution under four 
wheel drive conditions, becomes 1:1. 

In accordance with the reduction of clutch en- 
gagement and the resulting controlled slip, the 
amount of torque which is distributed to the rear 

io wheels with respect to that supplied to the forward 
ones is increased. Further, when the clutch of the 
transfer 4 assumes a fully released state, the 
torque distribution to the rear wheels becomes 
100%. 

75 In accordance with the above four wheel drive 
drive train the following advantages are achieved. 
1) As the engine 1. transfer 4 and front final 
drive 5 are disposed at the front of the chassis, 
and the manual transmission 2. rear final drive 3 

20 are disposed at the rear of the same, the weight 
distribution between the front and the rear of the 
vehicle tends to be unified and in a manner 
which promotes optimal vehicle handling char- 
acteristics. 

25 2) The first propeller shaft 7 which interconnects 
the engine 1 and the manual transmission 2. the 
second propeller shaft which interconnects the 
manual transmission 2 and the transfer gear 4, 
and the third propeller shaft 12 which connects 

30 the transfer gear 4 and the forward final drive 5. 
are such as exhibit relatively small differences in 
length. Further, as the output shaft 47 of the 
transfer gear 4 is offset with respect to the 
coaxially arranged first and second propeller 

35 shafts 7, 9, the third propeller shaft 12 is dis- 
placed sideways sufficiently that interference 
with the engine is obviated. 

3) As the first propeller shaft 7 is coaxially 
disposed within the hollow second propeller 

40 shaft 9, the arrangement becomes compact and 
eliminates the transfer or unreasonable a 
mounts of torque. That is to say, as the first 
propeller shaft 7 is directly connected with the 
engine 1, the amount of torque which is trans- 

45 mitted by the second propeller shaft 9 is smaller 
in comparison. Viz., part of the torque which is 
supplied through the first propeller shaft 7 is 
transferred to the rear wheels whereby the re- 
mainder is transferred via the second propeller 

so shaft 9. It will be noted that the amount of torque 
which is transferred from the output gear 81 to 
the second propeller shaft 9 is relatively high, 
the above mentioned construction is such that 
the second propeller shaft can adequately meet 

55 the torque transfer requirements while still re- 
maining highly compact. 

4) As the first propeller shaft is disposed co- 
axially within the hollow second one so as to be 
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rotatable about a common axis of rotation o, the 
output gear 81 and the input gear 82 rotate in a 
manner to induce the two shafts 7, 9 to rotate in 
the same rotational direction, the first ball bear- 
ings 72 are well able to absorb the small rota- 5 
tional differences which tend to occur there- 
between such as during the occurrence of wheel 
slip and the like, and there is chance of bearings 
undergoing excessive heating and/or permanent 
thermal damage. This of course markedly pro- io 
longs the life of the bearings. 
It should be noted that if the first and second 
propeller shafts 7 and 9 were to be disposed so as 
to rotate in opposite rotational directions, the rela- 
tive rotation would amount to the sum of the rota- 15 
tional speeds of the two shafts. Under prolonged 
high speed running the bearings would become 
abnormally heated and accordingly would tend to 
bum out or seize. Alternatively, in order to prevent 
this overheating a cooling system would be have to 20 
be specially provided. 

5) The transfer case 48 of the transfer 4 and the 
transmission case 23 of the transmission 2 are 
connected by the torque tube 71, and the first 

and second propeller shafts 7, 9 are coaxially 25 
disposed therein and are are parallel with the 
center line of the vehicle, an increase in the 
width of the transmission tunnel in the vehicle 
cabin is eliminated. The circular shape of the 
torque tube 71 increase the compactness of the 30 
vehicle cabin tunnel improving cabin space. 

6) As the rear drive pinion 31 is formed integ- 
rally at one end of the transmission output shaft 
22 and the output gear 81 is connected to the 
other end, as compared with the case wherein 35 
the rear drive pinion 31 and the output gear are 
disposed as individual parts, the number of 
parts is decreased and the construction simpli- 
fied to the degree that the transmission 2, the 

rear drive 3 and the gearing arrangement 8 can 40 
constructed and housed in the form a single 
unit 

Fig. 4 shows the construction which character- 
izes a second embodiment of the present inven- 
tion. In this figure 107 denotes the first propeller 45 
shaft, 109 the second and 171 the torque tube in 
which the two propeller shafts are housed. In this 
embodiment needle bearings 172 are used in place 
of roller bearings between the two shafts. By using 
needle bearings it is possible to reduce the overall 50 
diameter of the propeller shaft and thus achieve a 
further saving in space. It should be noted that the 
use of needle bearings in place of the roller bear- 
ings 173 is also possible for the purpose of reduc- 
ing the diameter of the torque tube. 55 

It will be noted that the present invention is not 
necessarily limited to disclosed embodiments and 
various modifications can be made without depart- 



ing from the scope of the present invention. By 
way of example, the manual transmission can be 
replaced with an automatic type transmission of the 
type shown in Fig. 1 of United States Patent 
4,626,754 issued on Dec. 16, 1986 in the name of 
Ideta et al or a stepless type wherein the shaft 
which is connected to output gear is capable of 
being extended and fitted with a gear similar to 
output gear 81 . 

Of course the use of torque converter or fluid 
coupling in place of the friction type clutch show in 
Fig. 2 is also within the scope of the present 
invention. 

The position of the clutch is not limited to 
disposition with the engine and may be grouped 
with the transmission if desired. This is so in the 
case of automatic transmissions wherein the pump 
which supplies the pressurized oil used for clutch 
engagement and the like, is often arranged within 
the torque converter. 

The use of a viscous coupling, planetary gear 
or the like type of device in place of the hydrauli- 
cally operated variable clutch the transfer gear is 
also possible. The transfer gear clutch can be 
alternatively incorporated in the transmission. 

Claims 

1. In four wheel vehicular drive train having an 
engine, a transmission, a rear final drive and a 
front final drive, the arrangement wherein: 

said engine is disposed with one of the 
front and rear final drives and operatively con- 
nected therewith, and said transmission is dis- 
posed with and operatively connected with the 
other of the front and rear final drives; 

said engine is connected with the trans- 
mission by a first propeller shaft; 

the first propeller shaft and a second hol- 
low propeller shaft which disposed coaxially 
with the first propeller shaft, each have one 
end connected to said transmission; and 
wherein: 

an intermediate power transfer section is 
disposed proximate the engine and operatively 
connected to the other end of the second 
propeller shaft, while the other final drive and 
the intermediate power transfer section are 
connected by a third propeller shaft. 

2. A four wheel vehicular drive train as claimed in 
claim 1 wherein said first and second propeller 
shafts are disposed for rotation in the same 
direction. 

3. A four wheel vehicular drive train comprising: 

an engine having a crank shaft; 

a transmission having an input shaft and 
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an output shaft; 

a first final drive disposed with and oper- 
atively connected with the output shaft of said 
transmission; 

a first propeller shaft having a first end in 5 
drive connection with an input shaft of said 
transmission and a second end which is oper- 
ative ly connected with a crankshaft of the en- 
gine through torque transmission means; 

a transfer gear having an input shaft and jo 
an output shaft; 

a second propeller shaft which establishes 
drive connection between the output shaft of 
said transmission and an input shaft of said 
transfer gear; and is 

a third propeller shaft which establishes a 
drive connection between the output shaft of 
said transfer gear and a second final drive. 

4. A four wheel vehicular drive train as claimed in 20 
claim 3 wherein said the first, second and third 
propeller shafts have similar lengths. 

5. A four wheel vehicular drive train as claimed in 
claim 3 wherein said first and second propeller 25 
shafts are adapted to rotate in the same rota- 
tional direction. 

6. A four wheel vehicular drive train as claimed in 
claim 3 further comprising a torque tube which 30 
operatively interconnects said transfer gear 

and said transmission. 

7. In a four wheel drive train 

a first unit which is disposed in drive con- 35 
nection with a first set of road wheels: 

an engine which is included in the first unit 
and which forms a part thereof; 

a second unit which is disposed in drive 
connection with a second set of road wheels; 40 

a transmission which is included in the 
second unit and which forms a part thereof; 

a first propeller shaft which transfers en- 
gine torque from the engine in the first unit to 
the transmission in the second unit, the second 45 
unit being arranged to transmit torque transmit- 
ted thereto through the first propeller shaft to 
the second set of road wheels; 

a second propeller shaft which transfers 
torque from the transmission in the second unit so 
back to the first unit, said first unit being adapt- 
ed to transmit the torque which is transferred 
through the second propeller shaft to the first 
set of driving wheels, said second propeller 
shaft being hollow and disposed about said 55 
first propeller shaft, said second propeller shaft 
being adapted to rotate in the same rotational 
direction as the first propeller shaft. 



a A four wheel drive train as claimed in claim 7 
further comprising a torque tube disposed 
about the second propeller shaft and connect- 
ed at its first and second ends to said first and 
second units respectively. 

9. A four wheel drive train as claimed in claim 8 
further comprising: 

a first set of roller bearings disposed be- 
tween the first and second propeller shafts; 

a second set of roller bearings disposed 
between the second propeller shaft and the 
torque tube. 

10. A four wheel drive train as claimed in claim 7 
further comprising: 

a transfer unit which is operatively con- 
nected with the second propeller shaft; and 

a third propeller shaft, said third propeller 
shaft providing an operative connection be- 
tween the transfer unit and the first set of road 
wheels. 
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